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CARDIOTHORACIC IMAGINGQuantification of caval flow contribution to the lungs in vivo after
total cavopulmonary connection with 4-dimensional flow magnetic
resonance imagingPablo B€achler, MD,a,b Israel Valverde, MD,c and Sergio Uribe, PhDa,dQuantification of caval flow distribution to the right pulmo-
nary artery (RPA) and left pulmonary artery (LPA) after to-
tal cavopulmonary connection (TCPC) is of great interest to
understand the flow dynamics and energy loss in non-
efficient cavopulmonary anastomosis, which may lead to
failing Fontan circulation. In addition, uneven distribution
of hepatic factors between the 2 lungs may explain the de-
velopment of pulmonary arteriovenous malformations
(PAVMs), leading to decreased systemic oxygenation.1,2FIGURE 1. Particle traces emitted from the SVC (red) and IVC (yellow) into
40% of cardiac cycle (B), 50% of cardiac cycle (C), and 80% of cardiac cycle (D
artery; LPA, left pulmonary artery; Ao, aorta.
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742 The Journal of Thoracic and Cardiovascular SurgDasi and colleagues2 recently reported the influence of
the TCPC geometry in the inferior vena cava (IVC) flow
distribution based on computational fluid dynamic simula-
tions. They identified an ideal TCPC varying the offset be-
tween the IVC and the superior vena cava (SVC) and
cardiac output split.2
In vivo evaluation of caval flow distribution after TCPC is
difficult to achieve. Current quantification blood flow
methods cannot estimate flow contributions from a particu-
lar vessel when more than 1 source of flow is present. Fogel
and colleagues3 proposed to evaluate caval contribution to
flow in the RPA and LPA using a spin labeling technique.
Nevertheless, this method is not applicable to all patients
undergoing the Fontan procedure, especially those with tur-
bulent flow in the pulmonary arteries.
CLINICAL SUMMARY
A 22-year-old man with palliated hypoplastic left heart
syndrome was referred for routine cardiac magnetic reso-
nance evaluation. He underwent a Fontan operation at the
age of 5 years and a TCPC with an atrial Maze procedure
at the age of 14 years.the pulmonary arteries along the cardiac cycle: 25% of cardiac cycle (A),
). SVC, Superior vena cava; IVC, inferior vena cava; RPA, right pulmonary
ery c March 2012
B€achler et al Cardiothoracic ImagingBy using a free-breathing 4-dimensional flow sequence,
we quantified the caval flow distribution to the RPA and
LPA with a new segmental approach. Imaging parameters
were as follows: field of view, 200 3 300 mm; acquired
voxel size, 2.5 mm3; reconstructed voxel size, 1.5 3 1.5
3 2.3 mm; number of slices, 40; retrospective cardiac
gating, number of signal averages ¼ 1; repetition time,
3.2 ms; echo time, 1.9 ms; flip angle, 5 degrees; sensitivity
encoding ¼ 2; velocity encoding, 250 m/s; and temporal
resolution, 49 ms.
Four-dimensional flow sequence measures all 3 direc-
tional components of the velocities of blood flow relative
to the 3 spatial dimensions along the course of the heart cy-
cle4 and is a reliable tool to quantify blood flow in patients
with congenital heart disease.5
Particle traces derived from 4-dimensional flow data
were used to quantify flow distribution. Particle traces are
path-lines that imaginary particles follow over time accord-
ing to the 4-dimensional flow velocity vector field. By de-
fining a region of interest, particle traces can depict the
spatial and temporal evolution of the bloodstream flow.
The proposed method consists of creating regions of in-
terest in the SVC, IVC, RPA, and LPA. Particle traces
were emitted from the region of interest located in the
SVC and IVC. Thereafter, particles arriving to the RPA
and LPAwere counted, and percent of caval flow contribu-
tion to the RPA and LPAwas calculated (GTFlow software;
GyroTools LLC, Zurich, Switzerland).
Our results showed that 74.7% of the SVC blood flowed
into the RPA and 25.3% flowed into the LPA. In contrast,
76.1% of the IVC blood flowed into the LPA and 23.9%The Journal of Thoracic and Caflowed into the RPA (Figure 1). Although no PAVMs
were found and the patient’s oxygen saturations were nor-
mal, long-term follow-up studies may be required to evalu-
ate the association of unbalanced caval flow distribution and
the development of PAVMs.
CONCLUSIONS
This new method has the potential to (1) identify patients
at risk of failing the Fontan procedure or TCPC with unbal-
anced right and left pulmonary flow distribution resulting
from suboptimal surgical connections; (2) detect patients
at risk of developing PAVMs, probably secondary to uneven
IVC flow distribution; and (3) evaluate the results of differ-
ent geometries of TCPC in vivo, such as the idealized geom-
etry proposed by Dasi and colleagues.2References
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